Background: Physical activity is associated with a reduced risk of chronic disease. This study describes the relationship between meeting the guidelines for physical activity described in Canada's Physical Activity Guide and heart disease, type 2 diabetes, hypertension, obesity, and low levels of general health. Methods: Leisure-time energy expenditure (LTEE) was calculated from leisure-time physical activities reported by adults who participated in the 2007 Canadian Community Health Survey. Respondents were classified as meeting the guidelines for physical activity or not, and were stratified by sex into quartiles of LTEE. Logistic regression was used to determine the odds for all conditions associated with not meeting the guidelines and by quartile of LTEE, adjusting for covariates. Results: The odds of type 2 diabetes, obesity, and fair/poor health were significantly higher among those not meeting the guidelines for both sexes and for high blood pressure among women. Significantly higher odds were seen between the lowest and highest quartiles of LTEE for type 2 diabetes and high blood pressure and across all quartiles for obesity and fair/poor health for both sexes. Conclusions: Canadian adults meeting the physical activity guidelines have lower odds of chronic diseases and fair/poor health than those not meeting the guidelines.
Chronic diseases, including heart disease, hypertension, obesity, and type 2 diabetes, are the leading cause of morbidity in the world and are considered to be at epidemic levels globally. 1 Approximately half of the global burden of disease results from chronic diseases with cardiovascular diseases being the leading contributor. 2 In 2004 the burden of physical inactivity in relation to health care expenditures related to chronic diseases was estimated to be $5.3 billion in Canada. 3 Physical inactivity is an important contributor to the development of chronic diseases; however, recent data suggest that despite an increase in self-reported leisure-time physical activity levels among Canadians over the past decade, there has been an increase in the prevalence of inactivity-related conditions and diseases over the same time period. 4 The weighted evidence indicates that there are many health benefits associated with regular physical activity including a lower risk of coronary heart disease, 5 stroke, 6 hypertension, 7 breast and colon cancer, 8 type 2 diabetes, 9 and osteoporosis. 10 In addition, regular physical activity may be protective against some psychological disorders such as depression and anxiety, 11 dementia, 12 and hip fractures, 13 and may increase longevity 14, 15 and reduce the risk of prolonged disability in old age. 16 Although the risk of adverse effects such as musculoskeletal injuries or cardiac events are higher among those participating in physical activity, the benefits of participating in regular moderate-intensity physical activities are thought to outweigh these risks. 17 With leisure-time physical activity accounting for only a small proportion of total daily energy expenditure in most individuals, it is important to assess the association between meeting the guidelines for physical activity as set out in Canada's Physical Activity Guide to Healthy Active Living and prevalent chronic diseases. 18 Therefore, the purpose of this study is to evaluate whether reporting meeting the guidelines for physical activity is associated with a lower odds of self-reported chronic conditions, including hypertension, type 2 diabetes, heart disease, and obesity, and of reporting fair/poor general health.
Methods
Data from the master file of the 2007 Canadian Community Health Survey (CCHS) conducted by Statistics Canada were used for this study. The CCHS sample covers approximately 98% of the Canadian population ages 12+ years who live in private dwellings but excludes those living on Indian Reserves or Crown lands, in institutions, in certain remote regions of the country and full time members of the Canadian Forces. 19 All respondents aged 18 to 65 years who answered the survey questions on leisure-time physical activity were included in the sample; records with missing values were dropped from the analysis (N = 45,958).
Energy expended from participation in self-reported leisure-time physical activities was determined. Respondents were read a list of activities and were asked to indicate the number of times they performed the activity over the past 3 months and the average duration on each
occasion. An open-ended question about participation in leisure-time physical activities not included in the list was also asked and up to 3 "other activities" were recorded. 20 Weekly leisure-time energy expenditure (LTEE) in met·min·wk -1 was calculated from all activities reported using the following equation:
where Ni is number of occasions of activity i during the 3 months before collection; Di is the average duration, in minutes, of activity i on each occasion, METi is a constant value for metabolic energy cost of activity i and 13 is the number of weeks in the 3 month recall period. 21 The MET values assigned by Statistics Canada were used for all activities in the list except those in the "other" category. The text entries of all "other activities" (N = 9941) were assessed individually and assigned an activity code and intensity (MET) according to the 2000 Compendium of physical activities and these MET values were then used in the calculation of LTEE. 22 The midpoint of the time category was used in the calculation of LTEE for the first 3 categories. For example, category 1 (1-15 min) was coded as 7.5 minutes, category 2 (16-30 min) was coded as 23.5 minutes, category 3 (31-60 min) was coded as 45.5 minutes, and category 4 (more than 1 hour) was coded as 60 minutes. 21 Respondents were classified as having met the guideline for physical activity (LTEE ≥ 360 met·min·wk -1 ), or having not met the guideline (LTEE < 360 met·min·wk -1 ) according to their total weekly LTEE from self-reported physical activities. This cut point assumed participation in moderate-intensity leisure-time physical activity (at least 3 METS) on at least 4 days per week for at least 30 minutes on each occasion, according to the minimum guidelines set out in Canada's Physical Activity Guide. 18 Respondents were also categorized into quartiles of LTEE, separately for men (<237.0; 237.0-654.9; 655.0-1354.9; ≥1355.0 met·min·wk -1 ) and women (<224.0; 224.0-599.9; 600.0-1199.9; ≥1200.0 met·min·wk -1 ).
The presence of self-reported physician-diagnosed chronic conditions was assessed from questionnaire responses. Respondents were considered as having high blood pressure if they answered yes to any one of the 3 questions asked about high blood pressure (Do you have high blood pressure? Have you ever been diagnosed with high blood pressure? In the past month have you taken any medication for high blood pressure?). 20 Type 2 diabetes was determined using the Ng-Dasgupta-Johnson algorithm. 23 Briefly, this algorithm classifies CCHS respondents who report having diabetes as being either type 1, type 2, or gestational cases using the responses to 7 questions related to diabetes onset and diabetes medications. 23 Heart disease was determined from the question: Do you have heart disease? 20 Body mass index (BMI) was calculated for all nonpregnant respondents using self-reported weight and height (kg/m 2 ) and the cut point for obesity was set at ≥30 kg/m 2 . 24 General health was categorized into 2 groups (excellent/very good/good versus fair/poor) using the responses to the question ". . . in general, would you say your health is excellent, very good, good, fair, or poor."
Descriptive statistics were computed separately by sex for all variables including the prevalence (%) and 95% confidence intervals (95% CI). Logistic regression was used to determine the odds ratios for having type 2 diabetes, heart disease, high blood pressure, obesity, or fair/poor general health among those who did not meet the guidelines for physical activity by comparison with those that did meet the guidelines, and by quartile of LTEE. Logistic regression models were run separately by sex and were adjusted for age (model 1), and additionally for total household income (<$15,000, $15,000-29,999, $30,000-49,999, $50,000-79,999, and ≥$80,000), smoking status (smoker, former smoker, nonsmoker), alcohol intake (regular drinker, occasional drinker, did not drink in the past 12 months), and BMI (model 2). An analysis to assess the linear trend across quartiles of LTEE was also preformed. Data were analyzed using SUDAAN SAS Callable to account for the complex survey design and all estimates were weighted to represent the Canadian household population aged 18 to 65 years. 25 
Results
The descriptive characteristics of the sample are shown in Table 1 . Overall, the highest prevalence of a chronic condition was seen for obesity (16.8%), followed by high blood pressure (16.2%), fair/poor health (9.4%), type 2 diabetes (4.0%), and heart disease (2.7%). With the exception of high blood pressure and fair/poor general health, men had a statistically higher prevalence of all chronic conditions than women, and men smoked and drank regularly more so than women.
Among men and women, the odds of having type 2 diabetes, reporting fair/poor health, and being obese was higher among those who did not meet the guidelines for physical activity compared with those who did meet the guidelines, even after adjustment for covariates (Table  2 ). In addition, for women the odds of having high blood pressure was significantly higher among those who did not meet the guidelines in both models, a relationship that was not seen among men in model 2.
An examination of the odds ratios by quartile of LTEE indicates a significantly higher odds of type 2 diabetes, high blood pressure, obesity, and fair/poor health between the highest and the lowest quartile for both men and women (Tables 3 and 4) . Among men the odds of type 2 diabetes and high blood pressure among those in the lowest quartile of LTEE were significantly ) (except for obesity model).
Physical Activity and Chronic Disease higher compared with the reference group (Table 3) , whereas for women those in the lowest 2 quartiles of LTEE had significantly higher odds than the reference group (Table 4) . Among both men and women the odds of obesity and fair/poor health were higher between all quartiles compared with the reference group.
Discussion
This study demonstrates that Canadian adults reporting a level of leisure-time physical activity that meets the current guidelines as set out in Canada's Physical Activity Guide (expending ≥360 met·min·wk -1 ) are less likely to self-report certain chronic conditions, such as type 2 diabetes, high blood pressure, and obesity, or to report fair/poor general health. For some chronic conditions there was a trend across quartiles of LTEE indicating that those expending lower levels of energy expenditure through leisure-time activities have a higher probably of experiencing a chronic condition. In this study the odds of reporting heart disease was not higher among those not reporting meeting the guidelines or between quartiles of LTEE but there was an increased odds of type 2 diabetes and high blood pressure among those who did not meet the guidelines, and between the lowest and highest quartiles of LTEE. Another recent Canadian study using data from the 2003 CCHS did not report a decreased odds of heart disease or diabetes among adults (18-64 yrs) classified as moderately active (LTEE 1.5-2.99 kkd or 630 met·min·wk -1 ) compared with sedentary adults; however, this study did report a decreased odds of heart disease among those classified as active (LTEE ≥ 3.0 kkd or 1260 met·min·wk -1 ). 26 These studies differed in the fact that the current study only assessed those with type 2 diabetes rather than including all types of diabetes (eg, type 1 and gestational) in the analysis and the study by Probert et al 26 controlled for energy expenditure from occupational physical activity. Research on the association of total daily energy expenditure (including energy expenditure from all domains of activity) is required to better understand the relationship between daily energy expenditure and chronic diseases.
A second Canadian study using data from the National Longitudinal Health Survey reported that the odds of 2-year incident heart disease were significantly higher among those in the light energy expenditure group (<1.5 kkd or 630 met·min·wk -1 ) compared with those expending a moderate amount of energy (1.5-2.9 kkd or 630-1218 met·min·wk -1 ). 27 The current study did not find a higher odds of heart disease among those with lower LTEE or among those not meeting the guidelines for physical activity, however, the current study assessed prevalent heart disease rather than incident heart disease.
There is an increasing body of evidence that indicates that regular participation in physical activity above the recommended levels is associated with a reduced risk of certain chronic diseases. For example, a recent systematic review of prospective cohort studies reported that moderate physical activity lasting 30 minutes or more each day can substantially reduce the risk of type 2 diabetes compared with sedentary individuals. 28 Data from the Nurses Health Study showed that ~30% of new cases of obesity among women could be prevented by participating in 30 minutes of moderate activity (brisk walking) each day and by decreasing television viewing by 10 hours each week. 29 A meta-analysis of randomized controlled trials indicated that aerobic exercise was associated with a mean reduction across all blood pressure levels of 3.9/2.6 mmHg and a mean reduction among hypertensive patients of 4.9/3.7 mmHg. 30 Several studies have also shown that 30 minutes per day of moderate physical activity is also effective in preventing coronary heart disease. 31, 32 For example, men in the Health Professionals Follow-up Study who walked briskly for at least 30 minutes per day were 18% less likely than those who did not meet this criterion to develop coronary heart disease during the 12 years of follow-up. 31 Similarly, women in the Nurses Health Study who participated in 3 hours per week of brisk walking had a 30% to 40% lower rate of myocardial infarction than sedentary women. 32 All of these studies indicate that regular participation in moderate intensity exercise, as promoted by the Canadian Physical Activity Guide, is associated with a decreased risk of chronic diseases. However, the benefits related to different intensities and volumes of exercise (the dose response relationship) required to decrease risk of chronic disease is an ongoing subject of research.
This study has some limitations. The calculation of LTEE from the CCHS allows only an estimate of energy expenditure from leisure-time activities. Therefore, energy expenditure from household tasks, commuting, and work-related activities are not accounted for. A recent Canadian study showed that higher levels of estimated occupational physical activity were associated with lower odds of chronic disease, in a dose response fashion, independent of level of leisure-time physical activity, highlighting the importance of quantifying the energy expenditure from work activities, as well as from leisure activities. 26 As the CCHS uses a self-reported questionnaire, estimates of LTEE are limited by reporting biases related to social desirability, difficulties in accurately reporting physical activity behavior, and difficulties recalling the duration and frequency of physical activities over a long time period. 33 In addition, some assumptions related to intensity, duration, and frequency had to be made when estimating LTEE. For example, intensity was considered to be the same for all respondents reporting the same activity, an average duration was used in the calculation of LTEE and the frequency was assumed to be constant over the entire year even though the recall period was only 3 months. As a result of these assumptions, the estimate of energy expenditure may be under-or over-estimated. For example, it is known that participation in and energy expenditure from leisure-time physical activity varies by season among Canadians and as such assuming consistent energy expenditure over a 12-month period may have affected the estimate of LTEE for some respondents. 26 Since the CCHS is a cross-sectional survey this study is also limited to reporting on the association between prevalent chronic diseases and LTEE. In addition, reverse causality could not be controlled for since the history of physical activity participation and the timing of diagnoses of the chronic diseases are unknown. The degree to which self-reported physical activity over the previous 3 months represents longer term habitual physical activity patterns is not known. Furthermore, the respondent's perception of his/her general health at the time of collection may have been affected by life circumstances, including the respondent's mental health at the time, environmental factors or preexisting chronic conditions that could not be controlled for in the analytical model. Finally, the CCHS collects information on self-reported physician-diagnosed chronic conditions and as such the actual prevalence of these chronic conditions may be underestimated if a respondent is unaware of existing conditions.
In conclusion, this study found that meeting the guidelines through self-reported physical activity is associated with lower odds of self-reported chronic conditions and fair/poor general health. Further, there was a linear graded relationship between volume of self-reported activity and certain self-reported chronic conditions. Future studies that include more robust measures of physical activity (eg, accelerometers) from all domains would aid in more precisely defining the volume of daily physical activity that is associated with chronic diseases and other health outcomes.
